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S Photophobia is a common neurological and ophthalmological symptom that has been associated with a growing num­
ber of neurosurgical conditions, especially compressive lesions. The exact signaling pathways and neurophysiological 
features of the disorder are not well understood; however, data from multiple studies have shown the significance of 
the trigeminal system and the pretectal nuclei in its pathophysiology. The authors report on a rare case of a blind patient 
who presented with photophobia without evidence of light perception. They also review the literature and early experi­
mental data in an effort to understand the possible neuronal pathways and structures involved in photophobia.
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t - v  hotophobia , a sensitivity to or an abnormal intoler- 
\ J  ance o f  light, is a sym ptom  com m only  associated  
A  w ith a variety o f  ophthalm ological, neurological, and 
neurosurgical disorders. Often, it is  associated w ith anterior 
segm ent d isease o f  the eye, m eningitis, subarachnoid h em ­
orrhage, head injury, and encephalitis. Patients w ith intra­
cranial pathophysiologies m ay suffer from  photophobia b e ­
cause o f  acute m eningeal irritation,1636 and the sensitivity  
has a lso been  reported in  patients w ith tumors (pituitary 
adenom as and craniopharyngiom as) in  the region o f  the 
optic ch iasm .14 A lthough not com pletely  understood, pho­
tophobia’s m echanism  o f  action is  thought to in vo lve  the 
trigem inal pathw ay w ith possib le input from  the pretectal 
nuclei, occipital lobe, and thalamus. In this report, w e  de­
scribe a blind patient w ith a history o f  pituitary adenom a  
and apoplexy w ho suffered from  photophobia. W e also re­
v iew  the literature for a possib le alternate visual pathway  
that w ould  m ediate the photic signal that m ay induce photo­
phobia in  blind patients.
C a se  R e p o r t
History. This 68-year-old w om an w ith a 20-year history  
o f  pituitary adenom a presented to her primary care physi­
cian w ith photophobia and w orsening headache. She had 
b een  initially diagnosed w ith pituitary adenom a in 1985 
and subsequently underwent five  resections involving trans­
sphenoidal and transcranial approaches and resulting in  
subtotal rem oval o f  the tumor. She also underwent fraction­
ated radiation therapy for the adenom a. Subsequently, she 
lost her v ision  and received  horm onal therapy for panhy­
popituitarism. M agnetic resonance im ages obtained on her 
presentation revealed lateral progression o f  the pituitary tu­
mor, extending to the right temporal lobe and invading the
cavernous sinus on the right (Fig. 1). She w as referred to us 
for further care and m anagem ent.
Examination. On physical exam ination, the patient had no 
light perception in  either eye; how ever, she reported d is­
com fort in her eyes w ith exposure to light. The discom fort 
w as so  severe that the room  lights had to b e turned o f f  and 
the w indow s covered. T he patient’s pupils w ere 9 m m  and 
nonreactive bilaterally. Her extraocular m otions w ere diffi­
cult to elicit, but she had obvious m isalignm ent and discon- 
jugate gaze. She had an intact com eal reflex in  the left eye  
and right-sided ptosis. R esults o f  funduscopic exam ination  
show ed a pale and flat optic disk w ith significant atrophy 
bilaterally.
Treatment and Posttreatm ent Course. A fter therapeutic 
options w ere review ed both w ith the patient and the m ul­
tidisciplinary pituitary team , the patient w as offered and 
treated w ith repeated fractionated radiation therapy; she did  
not w ish  to undergo repeated surgery. O ne w eek  later, she  
suffered an extensive pontine stroke and died o f  respiratory 
failure.
D isc u ss io n
C auses o f  P hotophobia
Photophobia can be caused by  a variety o f  disorders, and 
its origins can range from  fairly m ild sources, such as post­
alcohol ingestion  hangover and m igraine8-9 or com m on eye  
disease, to  even  m ore severe and potentially fatal condi­
tions, such as m eningitis or subarachnoid hemorrhage. A n­
terior segm ent disorders o f  the eye, including uveitis, cy- 
clitis, iritis, and blepharitis,17 are its m ost com m on causes. 
In fact, L ebensohn17 found that the m ore superficial the 
com eal lesion , the m ore severe the photophobia. H ow ever, 
intracranial pathological entities that in vo lve  the m eninges,
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Fig. I. Axial (A) and coronal (B) magnetic resonance images 
with contrast demonstrating a heterogeneously enhancing mass in 
the sellar and right parasellar regions, extending into the right cav­
ernous sinus and right medial temporal lobe and encasing the right 
cavernous carotid artery.
such as m eningitis, intracranial tumors, and pituitary apo­
plexy, also have been described as possible causes o f  pho­
tophobia.14 T hese pathophysiologies are presum ed to cause 
irritation o f  the basal m eninges around the diaphragma sel- 
lae-w and thus lead to photophobia.
R ole o f  the Trigem inal N erve in P hotophobia
In m any eye  conditions, the m echanism  o f  photophobia 
is thought to be a feeling o f  discom fort generated by irrita­
tion o f  the rich innervation to the eye  supplied by the first 
division  o f  the trigem inal nerve. W elch35 proposed that the 
trigem inal nerve connections to the midbrain and thalamus 
m ight also be involved  in the pathophysiology o f  photopho­
bia in m igraine.
A lthough the neurophysiological aspects o f  photophobia  
are poorly understood, the condition does appear to have 
a central nervous system  com ponent as w ell.28 The m ost 
likely  anatom ical localization o f  photophobia is at the site 
w here the visual and pain pathways converge. T he signal­
ing pathway for photophobia seem s to be anatom ically and 
functionally different from  the neural pathway associated  
w ith v ision . Initially, it w as thought that functioning op­
tic and trigem inal nerves were needed for photophobia.17 
H ow ever, by demonstrating the presence o f  light sensitivity  
in patients w ith a dam aged optic nerve, Custer and Reistad7 
show ed that a functioning optic nerve is unnecessary for 
photophobia sym ptom s.
N onetheless, trigem inal innervation o f  the ey e  and brain 
does play an important role in photophobia. L ebensohn17 
show ed that an intact trigem inal nerve is necessary to exp e­
rience the disorder. Eckhardt and colleagu es9 show ed  tiiat 
direct irritation to the trigem inal afferents o f  the eye  sur­
face (cornea and iris) can produce photophobia w hen those  
structures are exposed  to light. T hey concluded that surface 
sensitivity m ust be present for the disorder to occur. M ore­
over, direct irritation to a nonocular portion o f  the ophthal­
m ic branch o f  the trigem inal nerve can also induce pho­
tophobia. T hese authors injected sodium  chloride into the 
frontalis m uscle above the supraorbital margin and con ­
cluded that irritation o f  the trigem inal nerve— anywhere 
along its course or its ophthalm ic d ivision— can produce in­
creased light sensitivity.
The ciliary nerves provide sensation to all layers o f  the
Fig. 2. Schematic representation of the optic pathway (blue 
arrows) and hypersensitized trigeminal system (red arrows), illus­
trating the role of each in photophobia. Irritation of any of the V I. 
V2. or V3 branches of the trigeminal system can hypersensitize the 
whole trigeminal system. CN = cranial nerve; LGB = lateral genic­
ulate body; nuc. V = nucleus five; SC = suprachiasmatic nucleus; 
TGG = trigeminal ganglion; VPM = ventral posteromedial nucleus.
cornea, uvea, sclera, and conjunctiva, w hich  then jo in  the 
ophthalm ic d ivision  o f  the trigem inal nerve.25-2638 This oph­
thalmic d ivision  also provides innervation to the forehead, 
lacrim al gland, and dura mater o f  the frontal and m iddle 
cranial fossa  v ia  the tentorial nerve o f  Arnold.2538 Further­
m ore, the ophthalm ic d ivision  also supplies the intracranial 
portion o f  the internal carotid artery and m iddle cerebral ar­
tery.25-2638 This vast innervation o f  the m eninges m ay e x ­
plain the light sensitivity associated with m eningitis and 
subarachnoid hemorrhage.
R ole o f  P re tec ta l N uclei in P hotophobia
T he ophthalm ic branch travels w ith the other branches o f  
the trigem inal nerve to the brainstem through the gasserian  
ganglion.2538 T he trigem inal nuclei include the m otor n ucle­
us, w hich serves the m otor portion o f  the trigem inal co m ­
plex (m ainly the mandibular nerve); the m esencephalic nu­
cleus, w hich serves proprioception o f  the m uscles o f  
m astication; and the trigem inal sensory nuclear com plex, 
w hich is m ade up o f  the m ain sensory nucleus, nucleus o f  
the spinal tract, nucleus oralis, nucleus interpolaris, and 
nucleus pars caudalis, w hich extends into the upper cervical 
cord.-’738 T he trigem inal nuclei connect w ith the tegm entum  
and m otor and sensory nuclei in the brainstem (ocular 
m otor nuclei, facial, glossopharyngeal, vagal, hypoglossal, 
and vestibular nuclei) as w ell as w ith the thalam us.18-2737 
Interestingly, trigem inal nuclei cells connect to the superior 
collicu lus, cerebellum , and deep nuclei as w ell.2737 S p ecifi­
cally, it has been show n that the spinal trigem inal subnucle­
us in rats has axonal projections to the thalamus, the deep  
layers o f  the superior collicu lus, the ventral part o f  the zona
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incerta, and the anterior pretectal nucleus.34 T hese connec­
tions indicate that the trigem inal system  is integrally related 
to many brain processes and reflexes.
A n  early observation by Eckhardt and co lleagues9 pro­
vided som e evidence that pretectal nuclei are involved  in 
photophobia. T hese authors demonstrated that an absent 
photophobia response in  A rgyll Robertson pupils is caused  
by dysfunction o f  the pretectal nuclei, w hich  enabled them  
to loca lize  the light sensitivity to the pretectal nuclei. T hey  
proposed that photophobia is sim ilar to referred pain in volv­
ing the optic nerve and the m esencephalic root and nucleus 
o f  the trigem inal system  because o f  its c lo se  connections to 
the optic fibers via the pretectal nuclei and the superior col- 
liculus.
T he visual pathway provides inform ation regarding both  
light and color. It is w ell know n that visual inform ation is  
carried in tw o parallel visual pathways: the parvocellu- 
lar (m idget ganglion ce lls) and the m agnocellular (parasol 
ganglion cells) pathw ays.3-4-11 L ivingstone and H ubei19 and 
Croner and Kaplan6 show ed  that the parvocellular pathway  
is involved  in processing color and high  spatial frequencies, 
w hereas the m agnocellular pathw ay is involved  in  process­
ing lum inance and m otion .11 M agnocellular cells have been  
show n to be very sensitive to lum inance13 and to respond to 
changes in contrast.6 R esults o f  these experim ents indicated  
that photophobia is m ost likely  m ediated by the m agnocel­
lular visual pathway.
Blink R eflex and P hotophobia
It is w ell know n that photophobia is present in blepharo­
spasm , a blinking disorder. T he initial sym ptom  in patients 
w ith blepharospasm  often is photophobia and ey e  irritation 
that leads to excess ive  blinking. T he exact afferent pathway  
for reflex ive blinking to light is unknown, although the o c ­
cipital cortex is thought to have a role because the blink re­
flex  has been  found to be normal in  patients w ith a unilateral 
occipital lobe lesion, absent in  those w ith cortical blindness, 
and m ore variable in patients w ith optic nerve atrophy.24 
N ote, how ever, that data from  studies in  m onkeys have  
show n that the blink reflex remains intact after bilateral stri­
ate cortex rem oval.24
Furthermore, there are m ultiple reports o f  a persistent 
light-induced blink reflex in hum ans in w hom  cortical 
blindness has occurred.24 In one case report o f  a man w ho  
had suffered a cardiac arrest but maintained an intact light- 
induced blink reflex despite necrosis o f  the cerebrum, basal 
ganglia, hypothalam us, several brainstem  nuclei, and supe­
rior collicu lus, the authors suggested that the afferent path­
w ay m ight involve the pretectum  rather than the superior 
collicu li.15 In fact, Itoh and associates12 reported on a pre­
tectal-facia l motor nucleus pathway in cats. Other authors 
have show n that the destruction o f  the pretectal nuclei but 
not the superior collicu lus in  m onkeys can inhibit a light- 
induced blink reflex pathway.23 H ence, the visually elicited  
blink reflexes and perhaps the photophobia pathway travel 
through the retinotectal projections rather than the occipital 
pathw ays, bypassing the visual structures distal to the optic 
tract and being directed to the facial neurons via the tec­
tum .12-29
P ossib le  A fferent P athw ays
D ata from  these experim ents provide ev idence that there 
m ay b e tw o different afferent pathways for photophobia: the
trigem inal afferent pathway, w hich  processes the photopho­
bia sensed at the ey e  level; and the visual afferent pathway, 
w hich carries the photic inform ation to the pretectal nuclei 
w here the trigem inal and visual pathw ays interact (Fig. 2). 
L ocal irritation hypersensitizes the e y e ’s local trigeminal 
nerve endings, thus inducing photophobia directly at the 
level o f  the eye  (trigem inal afferent pathway). This pathway 
explains photophobia caused by  local ey e  diseases such as 
anterior segm ent disorders (for exam ple, uveitis, cyclitis, 
iritis, and blepharitis). Irritation o f  the trigem inal nerve out­
side o f  the eye  (for exam ple, in the m eningeal branch dur­
ing m eningitis) hypersensitizes the entire trigem inal system . 
In the presence o f  a hypersensitized trigem inal system , the 
light signal can induce photophobia at the level o f  the eye  
via the trigem inal afferent pathway or the optic nerve path­
w ay; in  the latter case, photophobia is induced at the pre­
tectal nuclei w here the optic pathway m eets the trigeminal 
pathway (visual afferent pathway).
T hese last tw o possib le m echanism s explain  photophobia 
caused by  the m eningeal irritation due to intracranial patho­
physiologies. T he afferent im pulses from  light enter the 
pretectal nuclei through the visual pathway. T he spread o f  
the excitation from  the site o f  noxious stim ulation in the 
m eninges in volves the trigem inal system  and nucleus. After 
spreading throughout the trigem inal nuclei, these noxious 
afferent im pulses exert additional excitatory influence on  
the pretectal nucleus, inducing photophobia. In addition to 
the aforem entioned pretectal and lateral geniculate body  
and cortical projections, the afferent im pulses from  light on 
the retina enter the suprachiasmatic nuclei as w e ll as the su­
perior collicu li.5-22 T he role o f  these pathw ays in photopho­
bia is not know n, but future work m ay reveal their possib le  
function in  this disorder.
P hotophobia  in B lind  P atien ts
In mutated blind m ice w ith  near-com plete degeneration  
o f  rod and con e photoreceptors, m ost o f  the nonvision  light- 
regulated functions such as the circadian c lo ck ,10 pupillary  
light reflex,20 and photic suppression o f  m elatonin21 have  
been retained despite the absence o f  vision . R ecently, Ber- 
son, et al.,2 identified unique inner retinal ganglion cells that 
function as photoreceptors providing photic inform ation to 
the brain. T hese authors specifically  show ed that these reti­
nal ganglion cells provide nonvisual photic inform ation to 
the circadian system s. It has also been  show n that these non­
vision  functions are controlled by sp ecific  retinal photore­
ceptors called “cryptochrom es” and by m elanopsin .21-31-33 It 
has been hypothesized  that both cryptochrom es and m elan­
opsin  function as phototransducers in retinal ganglion cells  
providing photic inform ation to the nonvisual pathw ays o f  
the brain, including the circadian clock  and pupillary light 
reflex.32 Perhaps in  patients w ho h ave no  visual photic per­
ception, as in the patient in the present report, the retinal 
ganglion cells function as photoreceptors providing the 
photic signal to the hypersensitized trigem inal system . A l­
though the specific site o f  interaction betw een the retinal 
ganglion cells and the trigem inal system  is not know n, one  
p ossib le site can lie  at the retinal leve l w here the ophthalm ic 
branch o f  the trigem inal system  provides rich afferent ener­
vations o f  the choroid and blood vesse ls  o f  the retina.1
In neurosurgical patients, photophobia has been  report­
ed in patients w ith  m eningitis, subarachnoid hemorrhage, 
traumatic brain injury, pituitary adenom a, apoplexy, cra-
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niopharyngiom a, and tumors that cause direct irritation o f  
the m en inges.14 In fact, photophobia can b e the presenting  
sym ptom  in patients w ith pituitary adenom a. In the patient 
in  the present case, photophobia m ay have been  caused by  
a trigem inal system  that had been hypersensitized and then 
exposed  to light stim ulation. A lthough our current hypoth­
esis  partially explains the possib le m echanism  o f  photopho­
bia, especially  in  blind patients, further experim ental and 
clin ical w ork is  needed to understand m ore fu lly  its patho­
physiology.
C o n c lu s io n s
Photophobia, a com m on ophthalm ological and neurosur­
gica l sym ptom , has been associated w ith various intracra­
nial pathological entities. A lthough the details o f  its m ech­
anism  o f  action are not w ell understood, sufficient evidence  
supports the significance o f  the hyperexcitability o f  the 
trigem inal system  as w ell as the involvem ent o f  the pretec­
tal nucleus in  photophobia. In addition, am ple evidence  
indicates that a functional and intact visual pathw ay is  not 
necessary to experience photophobia. D esp ite significant 
efforts to elucidate the neurophysiology o f  photophobia, 
further research is  needed to shed light on the pathophysi­
o logy  o f  this com m on sym ptom .
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